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(54) LITHIUM SECONDARY BATTERY AND NEGATIVE ELECTRODE USED 
THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide capacity higher than one using a 
carbon negative electrode by mainly using an intermetallic compound containing 
metal or semimetal of a 4B group as a negative electrode active material, and 
using an alloy containing at least one or more kinds of metals or semimetals 
except for an element to form the intermetallic compound. 
SOLUTION: Sn and Pb are cited as metal of a 4B group, and Si and Ge are cited 
as semimetal of the 4B group. AsSn and AuSn exist as a material containing Sn. 
AuPb2 and CaPb3 exist as a material containing Pb. As3GeLi3 and CoFeGe 
exist as a material containing Ge. MgSnBx and Mg2SnFex are cited as the 
composition of an alloy. In these, the other metallic element or a semimetallic 
element existing on a periphery of an intermetaliic compound operates as a 
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reinforcing material, and since a structure is maintained, trie degradation such 
as pulverization of an active materia! caused by repetitive charge. /discharge is 
riardiy caused. 



* NOTICES * 

JPO and !NP!T are not responsible for any 
damages caused by the use of this translation, 

1 .This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3.ln the drawings, any words are not translated. 

CLAIMS 

[CI aim (s)] 

[Claim 1]ln an anode [ lithium ] using occlusion and an active material which can 
be emitted, a negative electrode, and a rechargeable battery that has a lithium 
ion moving medium, A rechargeable battery using an alloy which contained at 
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feast one or more kinds for metal or semimetals other than an element which 
makes a subject an intermetallic compound containing 4B fellows' metal or 
semi metal, and forms said intermetallic compound as negative electrode active 
material. 

[Claim 2]The rechargeable battery according to claim 1, wherein said aiSoy used 
for negative electrode active materia! is an alloy which made a subject an 
intermetailic compound containing 4B fellows' metal or semimetal, and 
contained at least one or more kinds of 3B fellows' metal or semimetals. 
[Claim 3]The rechargeable battery according to claim 1, wherein said alloy used 
for negative electrode active material is an alloy which made a subject an 
intermetailic compound containing 4B fellows' metal or semimetal, and 
contained at least one or more kinds of transition metais. 
[Claim 4]The rechargeable battery according to claim 1, wherein said alioy used 
for negative electrode active materia! is an alloy which made a subject an 
intermetailic compound containing 4B feliows' metal or semimetal, and 
contained at least one or more kinds of rare earth metais. 
[Claim 5]The rechargeable battery according to claim 1, wherein said alloy used 
for negative electrode active material is an alloy which made a subject an 
intermetallic compound containing 4B fellows* metai or semimetal, and 
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contained at least one or more kinds of 2A fellows' metal. 
[Claim 6]A negative electrode for rechargeable batteries using an alloy which 
contained at least one or more kinds for metai or semi metals other than an 
element which makes a subject an intermetalitc compound containing 4B fellows' 
metal or semimetal, and forms said intermetailic compound. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[0001] 

[Field of the inventionjlt is related with the anode and negative electrode which 
have occlusion and an active material to emit for lithium, and the rechargeable 
battery which has a lithium ion moving medium. 
[0002] 

[Description of the Prior ArtJIn recent years, the miniaturization of electronic 
equipment and a weight saving are remarkable, and to be small size, a light 
weight, and high energy density are desired also to the cell which serves as a 
power supply in connection with it. Although small lightweight cells, such as a 
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lithium ceil, were already put in practical use in the field of the primary battery, 
although these were primary batteries therefore, they could not carry out 
repeated use, but the use fieid was restricted, 
[0003]On the other hand, although the lead battery and the nickel-cadmium 
battery have been conventionaily used in the fieid of a rechargeable battery, 
both have a big problem in respect of the smafl weight saving. From this 
viewpoint, the nonaqueous electrolyte secondary battery attracted attention and 
various (the following, carbon negative electrode) nonaqueous electrolyte 
secondary batteries which used for negative electrode active materia! the carbon 
material which intercalates or dopes lithium were proposed. About the carbon 
material, using a graphite lamellar compound as a negative electrode is 
indicated, for example to JP,59-143280,A as a thing using an intercalation. What 
carbonaceous materials, such as a resin baking body and corks, are used for as 
a negative pole material using a doping phenomenon, It is indicated to 
JP.58-35881.A. J P, 58-209864, A. JP,59-173979,A. J P, 62-90863, A, 
JP,63-13282,A, JP.2-66856.A, etc. The rechargeable battery which used black 
lead and difficulty graphitlzed carbon for negative electrode active material is 
actually put in practical use. 

[0004] 
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[Problem(s) to be Solved by the InventionjHowever, it is thought that 
highly-efficieni-izing and a miniaturization of a portable electronic apparatus will 
continue, and the further high-capacity-izing of a rechargeable battery and 
high-energy-density-ization are desired, in recent years, research of the 
non-carbon system negative electrode active material which is high capacity 
farther than carbon, and development are also performed. For example, a 
crystal structure is either of the CaFs type, ZnS type, and AILiSi types, and it is 
indicated to JP,9-63651,A that the negative electrode which used for the active 
material the intermetallic compound containing at ieast one of 4B group element 
and P, and the Sb{s) has large service capacity compared with a carbon 
negative electrode. However, a cycle characteristic is still insufficient and it has 
not resulted in utilization. 

[G005]Com pared with the rechargeable battery which used the carbon negative 
electrode, it is high capacity and the purpose of this invention provides a 
rechargeable battery with the equivalent cycle characteristic, and the negative 
electrode used for it 

[0006] 

[Means for Solving the ProblemJAs a means for attaining said purpose, this 
invention, In an anode [ lithium ] using occlusion and an active material which 
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can be emitted, a negative electrode, and a rechargeable battery that has a 
lithium ion moving medium, It is a rechargeable battery using an alloy which 
contained at least one or more kinds for metal or semi metals other than an 
element which makes a subject an intermetallic compound which contained 4B 
fellows' metal or semi metal as negative electrode active material and forms said 
intermetallic compound. 
[0007]A rechargeable battery being the alloy which said alloy used for negative 
electrode active material made said intermetallic compound a subject, and 
contained at least one or more kinds of 3B fellows' metal or semimetals, A 
rechargeable battery being the alloy which said alloy used for negative electrode 
active material made said intermetallic compound a subject, and contained at 
least one or more kinds of transition metals, A rechargeable battery being the 
alloy which said alloy used for negative electrode active material made said 
intermetallic compound a subject, and contained at least one or more kinds of 
rare earth metals, A rechargeable battery being the alloy which said alloy used 
for negative electrode active materia! made said intermetallic compound a 
subject, and contained at least one or more kinds of 2A fellows' metal is 
proposed. 

[0008]A negative electrode for rechargeable batteries using an alloy which 
959712/D/1 



contained at least one or more kinds for meta! or semi metals other than an 
element which makes a pan an intermetaiiic compound containing 4B fellows' 
metal or semimeta! with a subject, and forms said intermetaiiic compound is 
proposed. Thus, compared with a rechargeable battery which used said 
intermetaiiic compound for negative eiectrode active material, a cycie 
characteristic improves substantially by using as negative eiectrode active 
material an alloy used for this invention. As this reason, by a case where said 
intermetaiiic compound is used for negative eiectrode active materia!, when 
repetition charge and discharge are carried out, degradation of 
micro-crystaiiite-izing of an active materia!, pulverization, etc. is observed 
notably, but Other metaiiic elements or metailoid element which exists around 
said intermetaiiic compound worked as a reinforcing member, it is that structure 
is maintained and an alloy of this invention is considered for degradation of 
micro-crystal I ite-izing of an active material accompanying repetition charge and 
discharge, pulverization, etc. to hardly break out. 
(0009]An intermetaiiic compound which serves as a subject of an alloy used for 
this invention contains at least one or more kinds of 4B fellows' metal or 
semimetais. Sn and Pb are mentioned as 48 fellows' metal, and Si and 
germanium are mentioned as 4B fellows' semimeta!. As a thing containing Sn, 
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AsSn, AuSn, CaSn 3s CeSn 3 , CoCu 2 Sn, Co 2 MnSn, CoNiSn, CoSn 2 , Co 3 Sn 2 , 
CrCu 2 Sn, Cu(Cr, nickel) 2 Sn, Cu 2 FeSn s CuMgSn, Cu 2 MnSn, CutMnSn, 3 (Cu, 
nickel) Sn, Cu 2 NiSn, CuSn, FeSn 2f irSn, lrSn 2 . LaSn 3> MgNi 2 Sn, Mg 2 Sn, 
MnNi 2 Sn ; MnSn 2 . Mn 2 Sn > Mo 3 Sn, Nb 3 Sn, NdSn 3 , NiSn, nickei 3 Sn 2 , PdSn, Pd 3 Sn, 
Pd 3 Sn 2 , PrSn 3 , PtSn, PtSn 2 , PtsSn, PuSn 3 , RhSn, Rh 3 Sn 2 , RuSn 2 , SbSn, SnTb, 
Sn 3 U, SnV 3 etc. are mentioned, 

[0010]As a thing containing Pb, AuPb 2 , Au 2 Pb, CaPb 3 , IrPb, KPb 2 , LaPb 3 , 
beta-IJPb, Mg 2 Pb, PbPd 3 , Pb 2 Pd, Pb 2 Pd 3 . Pb 3 Pr. PbPt, PbPu 3; Pb 2 Rh, Pb 3 U, 
PbVs, etc. are mentioned. As a thing containing Si, AssUSi, BeSiZr, CoSis, 
beta-Cr 381, Cu 3 Mg 2 Si, Fe 3 Si ( UPaSi, Mg 2 Si, MoSi 2i Nb 3 Si, ISiiSis, theta-nickel 
2 Si, beta-nickel 3S1, ReSi 2 , alpha-RuSi, SiTa 2> Si 2 Th, Si 2 U ( beta-Si 2 U, SisU, SiV 3 , 
Si 2 W, SiZr 2 etc. are mentioned. 

[0011]As a thing containing germanium, As 3 GeLi 55 CoFeGe, CoGeMn, FeGe 2 , 
and Fei. 7 germanium, FeGeMn, FeGeNi, GeLisPs, GeMg 2 , GeMnNi, GeMo 3i 
beta'-germaniurmMo, GeNb 3 , GeNh.70, GeNi 3 , germanium 3 Pu f germaniumsU, 
GeV 3 , etc. are mentioned. Metal that/or semimetals which an alloy used for this 
invention is made to contain is things other than an element which forms an 
tntermetailic compound which serves as a subject. In particular, metal of 3B 
fellows by a naming rule of IUPAC or semirnetaL a transition metal, a rare earth 
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metal, and 2A fellows' meta! are desirable. As metal of 3B fellows who say here, 
B. Ga, and In are mentioned as semimetai of aluminum and 3B feiiows, A 
transition metal said here is an element group which classification of an element 
produces with the number of electrons which inner electron husks have d orbit 
and f orbit of a non-closed shell, and are satisfied there, and an inside electron 
orbit also contains an element which becomes a non-closed shell in the state of 
ion, Specifically, Ti, V, Cr, Mn, Fe, Co, nickel, and Cu are mentioned. They are 
1 7 kinds of elements which added Sc of the same family and Y to 57 La called a 
lanthanoids of 3A fellows and six cycles as a rare earth metal said here - 71 Lu. 
The misch metal Mm which is a reduction formed meta! of rare earth mixture 
regards it as two or more sorts of mixtures of a rare earth metal. Be, Mg, Ca, Sr, 
and Ba are mentioned as 2A fellows' metal. Thus, in order to hardly alloy such 
metal or semimetals with lithium as a reason 3B fellows' metal or semimetai, a 
transition metal, a rare earth metal, and 2A fellows' metal are desirable, it is 
guessed that it is desirable as a reinforcing member. Although not limited 
especially concerning content, it is desirable that it is one to 50 weight section to 
an intermetallic compound which serves as a subject. 
[001 2] Si nee many presentations of an alloy used for this invention exist, cannot 
cover them, but. As an example. For example, Mg2$n8 Xt MgsSnFe^ MgsSnTix, 
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MgaSnMoix, Mg 2 SnB x nickel y , MgaSnBxfiickelyLa?, FeSn 2 B x , FeSn 2 nickei x , 
FeSn 2 Mm x . FeSn 2 B x Fe y Y z , KPb 2 B x , KPb 2 nickeU KPb 2 Mm x , KPb 2 BxCoyMm 2 , 
Mg 2 PbB x , Mg 2 PbTi x> Mg 2 PbNi Xl Mg 2 PbMm x> NiSi 2 B x< NiSizTix, NiSi 2 Mm x , 
NiSi 2 Ba x , NiSi 2 B x Fe y Ti 2) WSi 2 B x> WSi 2 Tix, WSi 2 Mm x and WSi 2 Mg x , FeGe 2 B>-. 
FeGe 2 Ti X! FeGe 2 Mn x , FeGe 2 yrn Xi FeGe 2 Mg x (however, Q.1<=x, y, z<=1.0), etc. 
are mentioned. Identification of alioy composition performs solution which 
dissolved an alloy with strong acid, such as X-ray fluorescence or concentrated 
hydrochloric acid, heat concentrated sulfuric acid, and aqua regia, ICP analysis, 
by conducting atomic absorption analysis, etc. 
[001 3]A manufacturing process of an alloy used for this invention consists of a 
process of compounding an intermetailic compound which serves as a subject, 
and a process of adding metal or semimetals other than an element which forms 
an intermetailic compound in this. As a method of using at these alloying 
processes, the mechanical alloying method, reduction diffusion method, etc. 
which perform mechanical alloying by a method of heat-treating metal, 
semimetal, or an intermetaliic compound with an electric furnace, an arc fusion 
furnace, high-frequency-induction heating apparatus, etc., and dissolving and 
mixing, bali milling, etc. are used, in order to perform an organization of an alloy 
which got by doing in this way, or control of structure, various kinds of refining 
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may be performed. The mechanical gliding method, annealing treatment, etc. 
which perform mechanical destruction with rapid quenching which 
hyperquenches as reforming treatment by carrying out melting of the alioy with 
high-frequency-induction heating apparatus etc., a ball mill, etc, are mentioned. 
[00 14] An intermetallic compound which has gestalten acquired by above 
methods, such as powder of a tabular ingot or a globular shape, and the shape 
of a flake or a ribbon base, is made into the shape of impalpable powder by 
using publicly known grinding, classification, and a mixing method, and particle 
size distribution is adjusted. As mean particle diameter, it is preferred that they 
are 1 micrometers or more and 50 micrometers or less. That by which an 
electrode compound layer was formed on an electrode collector is used for an 
electrode used for a rechargeable battery of this invention. Such an electrode 
carries out coating of the electrode compound slurry obtained by making a 
solvent distribute an active material, a binder, and an electrode compound thai 
mixed a conducting agent if needed to an electrode collector, and it obtains it by 
drying after that. A roller press is performed if needed. 
f0015]Although not limited especially as a charge collector used for a negative 
electrode of this invention, metal foil or nets of about 10-1 00 micro of thickness, 
such as Cu, nickel, and a stainless steel, etc. are used. As a binder, 
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polytetrafluoroethylene, pol ytrifl uoroethylene, Polyethylene, nitrite rubber, 
polybuiadiene rubber, isobutylene isoprene rubber, polystyrene, Although 
styreoe butadiene rubber, styreoe butadiene latex, polysulfide rubber, a 
nitrocellulose, acrylonitrile-butadiene rubber, polyvinyl fluoride, polyvinylidene 
fluoride, fluorocarbon rubber, etc. are desirable, it is not restricted in particular. 
[0016]When electrical resistance of an active material is high, a conducting 
agent may be added in order to raise conductivity. As a conducting agent, metal 
powder, such as carbon materials, such as black lead and carbon black, or Cu, 
Fe, and Ti, is used. As an active material of an anode combined with a negative 
electrode of this invention, chemicai composition type Li x M y N z 02 (M - cobalt.) At 
least one sort chosen from nickel, manganese, and other transition metals is 
expressed, As for N, a kind can be expressed at least and x, y, and z can use a 
lithium contained metal oxide of a nontransition metal respectively expressed 
with 0.05< x<1.10, 0.85<=y<=1.00, and 0<=z<0.10. Potential is high, high 
tension is obtained as a cell and these have good cycle nature. Especially as the 
above-mentioned M, composite of independence of Co, nickel, and Mn and 
Co/nickel, Mn/Cr, and Mn/Fe is preferred. As the above-mentioned N, if it is a 
nontransition metal, there will be no restriction in particular, but aluminum, In, 
and Sn are preferred. A metallic oxide expressed with Li<i+x) Mn(2-x> O4 
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(0<-X<=1) can also be used. Metallic oxides, such as metallic sulfide, such as 
TiSs, TiSs, M0S3, and FeSs, VsOs, V&Qn, and M0O3. may also be used, 
[00 17] As a charge collector of an anode, although meta! foi! or nets about 
lO-IOO-micrometer of thickness, such as aluminum. Cu, nickel and a stainless 
steel, etc. can be used, When using an active material which has 4V class 
potential like a lithium containing transition metal oxide, it is preferred to use 
metal foi! or a net made from aluminum. As a lithium ion medium used for this 
invention, a solution which dissolved lithium salt in an aprotic organic solvent for 
example, a solid which made a polymers matrix distribute lithium salt or a 
solution which dissolved lithium salt in an aprotic organic solvent, a mixture of a 
polymers matrix, etc. are used. As for said organic solvent, it is desirable for 
straight chain carbonate, such as ethylene carbonate, dimethyl carbonate and 
diethyl carbonate, and ethyl methyl carbonate, to contain as an essential 
ingredient. In addition, ether, ketone, lactone, nitril, amines, amide, a sulfone 
series compound, carbonate, ester species, etc. may be contained. As these 
examples of representation, propylene carbonate, 1, 2-dimethoxyethane, 
Although 1 ,2-diethoxyethane, gamma-butyllactone, a tetrahydrofuran, 
1,3-dioxolane, 4-methyl-1 ,3-dioxolane, diethylether, sulfolane, methyl sulfoiane, 
acetonitrile, propionitrile, etc. are mentioned, It is not necessarily limited to these, 
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As said lithium salt LJBF4. LiPFe, LiCI0 4) LiAsF 8 , CF3SO3 Li, CH3SO3 Li, Lii, LiP, 
LiCI, LiBr, 2 (CF3SO2) NLi s etc. are mentioned. 
[00 18] As said polymers matrix, for example Polyethylene oxide, Polypropylene 
oxide, polytetramethyiene oxide, polyvinyl alcohol, Aiiphatic polyethers, such as 
a polyvinyl butyral, a polyethylene sulfide, Aliphatic polyester, such as aiiphatic 
series polythioethers, such as a polypropylene suifide, polyethylene succinate, a 
polybutylene horse mackerel peat, and a polycaprolactone, polyethylene imine, 
polyimide, poiyvinylidene fluoride, its precursor, etc, can be used, 
[0019]A separator for prevention from a short circuit can be formed between an 
anode and a negative electrode. As a separator, independent fine porous 
membrane of polyolefines, such as polyethylene and polypropylene, or a film 
which pasted them together, and a film which nonwoven fabrics, such as 
polyolefine, polyester, polyamide, and cellulose, are also independent, or was 
pasted together to the above-mentioned fine porous membrane can be used. 
[0020]As other components of a rechargeable battery of this invention, parts, 
such as a terminal, an electric insulating plate, and a metal can, may be used. In 
using it as a battery can as shows drawing .1 this invention, it uses a stainless 



steel, nickel plating steel, iron, aluminum, etc. as construction material. 
Especially as a structure of a ceil, although not limited, cylindrical shape and a 
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gestalt of a rectangular shape cell etc. which wound around rolled form a paper 
type cell, a laminate type battery or an anode and a negative electrode which 
made an anode, a negative electrode, and a separator a monolayer or ****, and 
a separator and which are shown in drawjng j are mentioned. 
[0021] 

[Embodiment of the Snvention]Hereafter, although an example and a 
comparative example explain this invention in more detail, the range of this 
invention is not limited to this. 

[0022] 

[Example 1-A - 1-F] The alloy which makes a subject FeSn 2 which is an 
intermetallic compound, Fe$n 2 8i.5> FeSnaMrio.a. FeSn 2 Cro.3, FeSnaLao.i, 
FeSn280.5Cuo.2Mmo.05, FeSmMgi.o. The example which used (it is hereafter 
referred to as the active material A, B, and C, D, E, and F) for negative electrode 
active material is shown. 

[0023]Weighing of Fe and Sn with a synthetic particle diameter of about 2 mm of 
intermetallic compound FeSna was carried out as stoichiometry. This was cooled 
and solidified after dissolving and mixing with an arc fusion furnace under argon 
atmosphere. This work was repeated 8 times and the massive intermetallic 
compound was obtained, 
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Weighing of synthetic FeSr*2 and the composing element of 
negative-eiectrode-active-material A-E was canied out as stoic hiometry. This 
was cooled and solidified after dissolving and mixing with an arc fusion furnace 
under argon atmosphere. This work was repeated 8 times and the massive aiSoy 
was obtained. After having broken this with the hammer, and making it coarse 
powder and also making it powdered with a sample mill, the screen obtained 
impalpable powder with a mean particle diameter of about 9 micrometers by 400 
meshes. Temperature up of this impalpable powder was carried out to 1000 ** 
with the electric furnace, and annealing treatment was performed. 
[0024]The ball mill of the powder which canied out weighing of synthetic FeSn 2 
and the composing element of the negative electrode active material F as 
stoichiometry, and was mixed was put in and carried out to the stainless steel 
pot mill for two weeks under argon atmosphere with the stainless steel ball. The 
powder obtained after the ball mill was carried out by 400 meshes, temperature 
up after ****** and of this impalpable powder was carried out to 500 ** with the 
electric furnace, annealing treatment was performed, and the negative electrode 
active material F-J with a mean particle diameter of about 9 micrometers was 
obtained. 

[0025]When the component analysis was conducted for the solution in which the 
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component-analysis profitable **** alloy was dissolved with aqua regia by iCP 
analysis, it checked that each active materia! was as the above-mentioned 
presentation. 

production of a negative electrode - as interrnetallic compound 42wt% produced 
as mentioned above and an electric conduction filter -- scaly graphite (Lonza 
KS6) 4wt%. Acetylene black (DENKA black by DENKI KAGAKU KOGYO [ K.K, ] 
K.K.) 2wi%, as a binder - a polyvinyiidene fluoride solution (the liquid which 
dissolved Kureha Chemical Industry [ Co., Ltd. ] Co., Ltd. make KUREHA KF 
polymer #9130 in N-methyl-2-pyrroiidone at rate of solid content 13wt%.) What 
added the PVdF solution 36wt% below and added 16wt% for 
N-methyl-2-pyrrolidone (following, NMP) respectively was mixed and stirred by 
the three one motor, and the electrode compound slurry was obtained. And on 
copper foil of the 18-micrometer thickness which is a charge collector about this 
slurry, coating and after drying, the roller press was performed at 120 **, and the 
negative electrode of about 30 micrometers of thickness which consists of a 
charge collector and a negative electrode mixture layer was obtained. 
[0026]To LiCoO 2 100 weight section with a production mean particle diameter of 
3 micrometers of an anode, dimethylformamide solution (5 % of the weight) 100 
weight section which dissolved graphite 5 weight section as a conducting agent, 
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and dissolved polyvinyiidene fluoride as a binder was added, it mixed and stirred 
and the slurry was obtained. And the anode which consists of a charge collector 
and a positive electrode mixture layer was produced by carrying out press 
forming of this slurry after coating and desiccation on the A! foil of the 
1 5-micrometer thickness which is a charge collector. 
[0027]ln order to see charge-and-discharge evaluation negative-electrode 
independent performance, negative-electrode potential was controlled as follows 
and cycle evaluation was performed. About the anode and negative electrode 
which were obtained as mentioned above, it pierced to 2.00-cm 2 and 2.05-cm 2 
respectively, and it is made to face each other via the fine porous membrane 
made from polyethylene, and each electrode was put with a glass plate and a 
clip. And after inserting into the aiiigator clip of glass test cells so that the charge 
collector of an anode and a negative electrode may not be short-circuited, the 
lithium metal which is a reference pole was set near the negative electrode. On 
the other hand, after decompressing the inside of this glass test cell and 
removing moisture enough, the electrolysis solution was dropped under 
super-Sow humidity, and it impregnated with it enough. As an electrolysis solution, 
what dissolves ethylene carbonate and methylethyl carbonate with a volume 
ratio, and dissolved electrolyte UPFe in the mixed solvent of 1:2 in 1 mol/l was 
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used. 

[0028]Thus, the charge and discharge lest, of the obtained test eel! is done by 
controlling the potential of the negative electrode seen from the reference pole, 
A negative electrode aims to carry out occlusion of the lithium ion to charge here, 
and it is aimed conversely to emit a lithium ton with discharge, positive active 
material should cover the lithium ion occlusion amount of a negative electrode ~~ 
quantity just with sufficient ** is applied. Charge performed current density 1 
mA/cm 2 , 10 mV, and 24-hour constant potential charge, and discharge 
performed 1.2V constant current cutoff discharge of current density 1 mA/cm 2 . It 
asked for the maintenance factor {the following, capacity maintenance rate) of 
the service capacity of a 100 cycle eye when the discharging amount per unit 
volume of the negative electrode mixture layer of 1 cycle eye (following, service 
capacity) and service capacity of 1 cycle eye are made into 100% from the 
binder layer volume of this negative electrode used. 
[0029] 

[Comparative example 1] The example using intermetallic compound FeSm as 
negative electrode active material is shown. After having broken with the 
hammer massive FeSii2 compounded by the same method as example 1-A - 1-F, 
and making it coarse powder and also making it powdered with a sample mill, 
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the screen obtained impalpable powder with a mean particle diameter of about 9 
micrometers by 400 meshes. Experiment and evaluation were performed by the 
same method as example 1-A - 1-F except it, 
[0030]The above resuit is shown in Table 1. 
[0031] 

[Table 1] 
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[0032]Thus, the negative electrode which used the alloy of this invention of 
example 1-A - 1-F for the active material understands that a cycle characteristic 
is good compared with the negative electrode used for the active material for 
FeSna which is a comparative example. 
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[0033] 

[Example 2-G - 2-K] The alloy which makes a subject MgzSn which is an 
intermetailic compound, Mg2SnBi.5, Mg2SnNio3, MgaSnFetu, MgaSnTioj, 
Mg2SnBo.snickelo,i (hereafter) the active material G. H, and I, J, and K - carrying 
out - the example used for negative electrode active material is shown. 
The ball mill of the powder which carried out weighing of Mg and Sn with a 
synthetic mean particle diameter of about 10 micrometers of intermetailic 
compound MgzSn as stoichiometry, and was mixed was put in and carried out to 
the stainless steel pot mill for two weeks under argon atmosphere with the 
stainless steel ball. A sieve and powdered intermetailic compound Mg 2 Sn were 
obtained for the powder obtained after the bail mil! by 400 meshes. 
[0034]The ball mill of the powder which carried out weighing of synthetic MgsSn 
and the composing element of negative-electrode-active-material G-K as 
stoichiometry, and was mixed was put in and carried out to the stainless steel 
pot mill for two weeks under argon atmosphere with the stainless steel ball. The 
powder obtained after the ball mill was carried out by 400 meshes, temperature 
up after ****** and of this impalpable powder was carried out to 500 ** with the 
electric furnace, annealing treatment was performed, and the negative electrode 
active material G-K with a mean particle diameter of about 9 micrometers was 
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obtained. 

|0035]Hereafter, experiment and evaluation were performed by the same 
method as example 1-A - 1-F, 

[0036] 

[Comparative example 2] The example using intermetallic compound MgaSn as 
negative electrode active material is shown. Experiment and evaluation were 
performed by the same method as example 1-A - 1-F except having used as 
negative electrode active material intermetallic compound Mg2$n compounded 
by the same method as example 2-G - 2-K. The above result is shown in Table 1. 
Thus, the negative electrode which used the alloy of this invention of example 
2-G - 2-K for the active material is understood that a cycle characteristic is good 
compared with the negative electrode which used for the active materia! MgaSn 
which is a comparative example. 

[0037] 

[Example 3-L - 3-P] The alloy which makes a subject NiSi2 which is an 
intermetallic compound, NiSbBis, Ni$i2Feo.3, NiSiaTio.a, NiSiaMmoi, 
NiSi2Bo.5Feo.1Mmo.05 (hereafter) the active material L, M, and N, 0, and P - 
carrying out - the example used for negative electrode active material is shown. 
Weighing of nickel and Si with a synthetic particle diameter of about 2 mm of 
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intermetaiHc compound NiSiz was earned out as stoichiornetry. This was cooled 
and solidified after dissolving and mixing with an arc fusion furnace under argon 
atmosphere. This work was repeated 8 times and the massive intermetallic 
compound was obtained. 

[0Q38]Weighing of synthetic NiSb and the composing element of 
negative-eiectrode-active-materiai K-O was carried out as stoichiometry. This 
was cooled and solidified after dissolving and mixing with an arc fusion furnace 
under argon atmosphere. This work was repeated 8 times and the massive aiioy 
was obtained. After having broken this with the hammer, and making it coarse 
powder and also making it powdered with a sample mill, the screen obtained 
impalpable powder with a mean particle diameter of about 9 micrometers by 400 
meshes. Temperature up of this impalpable powder was carried out to 1000 ** 
with the electric furnace, annealing treatment was performed, and the negative 
electrode active material L-P with a mean particle diameter of about 9 
micrometers was obtained. 

(0039]Hereafter, experiment and evaluation were performed by the same 
method as example 1-A - 1-F. 

[0040] 

[Comparative example 3] The example using intermetallic compound NiSis as 
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negative electrode active material is shown. Experiment and evaluation were 
performed by the same method as example 1-A - 1-F except having used as 
negative electrode active materia! intermetailic compound NiSia compounded by 
the same method as example 3-L - 3-P. The above result is shown in TabSe 1. 
Thus, the negative electrode which used the aiioy of this invention of example 
3-L - 3-P for the active material understands that a cycie characteristic is good 
compared with the negative eiectrode used for the active materia! for NiSb which 
is a comparative example, 

[0041] 

[Effect of the InventionJAs negative electrode active material, the intermetailic 
compound containing 4B fellows' metal or semimetal is made into a subject, And 
the negative electrode which used for negative electrode active material the 
alloy which contained at least one or more kinds for metal or semlmetais other 
than the element which forms said intermetailic compound is excellent in the 
cycle characteristic compared with the negative electrode which used said 
intermetailic compound for negative electrode active material. Therefore, the 
rechargeable battery of this invention has high capacity, high energy density, 
and a good cycle characteristic. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
ng |lt is a schematic diagram showing an example of the nonaqueous 

electrolyte secondary battery of this invention. 

[Description of Notations] 

1 Negative electrode 

2 Separator 

3 Anode 

4 Positive poie terminal 



5 Battery container (negative poie terminal) 
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